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Background Insecticide–treated bednets are effective at preventing
malaria. This study focuses on household–level factors that are associated with bednet ownership in a rural area of Madagascar which
had not been a recipient of large–scale ITN distribution.
Methods Data were gathered on individual and household characteristics, malaria knowledge, household assets and bednet ownership.
Principal components analysis was used to construct both a wealth
index based on household assets and a malaria knowledge index
based on responses to questions about malaria. Bivariate and multivariate regressions were used to determine predictors of household
bednet ownership and malaria knowledge.
Results Forty–seven of 560 households (8.4%) owned a bednet. In
multivariate analysis, higher level of malaria knowledge among household members was the only variable significantly associated with bednet ownership (odds ratio 3.72, P < 0.001). Among respondents, predictors of higher malaria knowledge included higher education levels,
female sex and reporting fever as the most frequent or dangerous illness in the community. Household wealth was not a significant predictor of bednet ownership or respondent malaria knowledge.
Conclusion In this setting of limited supply of affordable bednets,
malaria knowledge was associated with an increased probability of
household bednet ownership. Further studies should determine how
such malaria knowledge evolves and if malaria–specific education
programs could help overcome the barriers to bednet ownership
among at–risk households living outside the reach of large–scale bednet distribution programs.
Malaria is a leading cause of mortality and morbidity in sub–Saharan Africa, accounting for over one million deaths each year and 600 000–
800 000 deaths among children less than five years of age [1,2]. Malaria
is a significant health problem in Madagascar, representing a significant
burden for the health system. Malaria–related illness makes up 16% of
all outpatient visits and is the leading cause of child mortality, killing
nearly 20 000 children under five years of age every year [3].
Insecticide–treated bednets (ITNs) are one of the most effective tools for
preventing malaria [4,5]. ITNs are estimated to be as cost–effective as the
measles vaccination [6] and ITN ownership is associated with an 18%–
23% decrease in child mortality in sub–Saharan African households [7].
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According to the World Health Organization (WHO),
large–scale distribution programs in sub–Saharan Africa
have improved access to ITNs in recent years, with the percentage of households owning at least one ITN rising from
an average of 3% in 2000 to 53% in 2012 [8]. Nevertheless, ITN coverage continues to lag behind the Roll Back
Malaria Partnership goal of 80% ITN coverage of under
five-year-old children by 2010. Indeed, in Madagascar,
only 46% percent of children under five were sleeping under ITNs based on 2006–2010 estimates [9].

A baseline survey was performed to collect demographic
information about the households. The survey respondent
was preferably the head of household if available at the time
of the home visit, otherwise the respondent was another
adult in the household. Information recorded included the
respondent’s relation to the head of household, age, gender,
education level, perceptions of malaria risk, malaria knowledge, and household assets, fuel and water sources, self–
reported bednet ownership, visual confirmation of whether a bednet was mounted above a sleeping surface in the
household, recent fevers and fever–related deaths in the
household. The Malagasy term tazo moka, literally “fever
from mosquitoes,” was used in all questions about malaria,
unless otherwise stated.

Understanding what factors predict household ownership
and use of nets is important for improving policies and programs to increase ITN coverage. Most recent studies of the
predictors of bednet ownership and use have taken place in
the setting of large distribution campaigns. Fewer studies
have looked at the predictors of bednet ownership and use
outside of subsidized distribution programs or outside of
controlled trials [10–13]. This is of particular interest because households that do not contain members who are
targeted for subsidized distribution programs, such as children under 5 years or pregnant women, continue to encounter a relatively scarce supply of quality and affordable
ITNs [14,15].

The primary outcome of interest was household bednet
ownership at the time of the baseline survey. A secondary
outcome was the survey respondent’s malaria knowledge
as defined by the malaria knowledge index detailed below.
Bednet ownership was based on self–reported ownership
by the survey respondent; ownership was not verified by
the surveyor. Bednet use was not used as an outcome because of the inadequate variation for in–depth analysis due
to the small sample of households that owned bednets.

We undertook this study in order to identify household–
level factors that are associated with bednet ownership in
a rural area of Madagascar. We were interested in why some
households seek out bednets even when they are not provided for free or as part of large–scale programs. We also
investigated predictors of high levels of malaria knowledge
to further our understanding of the generic origins of
household demand for ITNs.

The following variables were examined as potential predictors of bednet ownership: the age, gender and years of formal schooling of the household head, number of household members, occurrence of a febrile illness within the
household in the last month, number of children under
five years of age, number of pregnant women, use of an
open water source, distance to water source, household
wealth quintile (detailed below), the survey respondent’s
report of fever as the most dangerous or most common illness in the community and the respondent’s malaria knowledge index (detailed below).

METHODS
This study is a secondary analysis of baseline data from a
previously reported cluster randomized–controlled trial.
That study was a comparison of the effects of household–
level incentives on bednet ownership and use in rural villages in the Ambalavao district of Madagascar. Full details
of the study design have been published previously [16].
In brief, 20 villages within 5 km of Ambalavao town were
included and all households within each village were eligible for participation. The entire country of Madagascar is
considered to be at risk for malaria. The Ambalavao district
is located in the southern highlands in the Haute Matsiatra
region and experiences stable year–round malaria transmission, with the majority of cases occurring during the
rainy season from January to April. The study began in
2007, with no recent free nor subsidized bednet distribution programs in the area. Bednets were available only at
specialized pharmacies and private shops in Ambalavao
town. Thus, this study was implemented in a context similar to many other sub–Saharan African countries where
bednets are available in scarce supply and/or with significant cost barriers to ownership.
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A wealth index was constructed by applying principal components analysis to twenty–seven binary variables representing household assets including goods, livestock, and
housing characteristics such as roof and flooring materials,
and number of rooms and beds [17]. The first principal
component was extracted and designated as the wealth index. Only the number of rooms and beds in the household
were adjusted for the number of household inhabitants
[18]. Per convention, the wealth index was categorized into
quintiles for analysis.
Similar to the wealth index described above, we constructed a malaria knowledge index by applying principal components analysis to the responses to twelve questions about
the mechanism of transmission of malaria, malaria symptoms, knowledge of greater severity of malaria in children
and pregnant women, knowledge of malaria seasons and
means of protection against malaria. The first principal
component was extracted and designated as the malaria
knowledge index. Given the distribution of the malaria
knowledge scores (see below), participants were catego-
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As noted in the original study [16], “Ethical clearance for
this study was provided by the Boston University Medical
Campus Institutional Review Board. Additional administrative approval was provided by the mayor of the town of
Ambalavao, responsible for the villages in the district, and
the Medicin Inspecteur of the Ambalavao health district, the
local official in charge of all health–related activities in the
district. Additionally, the chiefs of each village gave their approval for the study to take place in their village. Study participants provided verbal consent at the time of the surveys
and coupons for the free ITNs werse provided to all households in the study villages irrespective of whether or not
they consented to participate in the study.” In addition, the
specific analysis described in this manuscript was reviewed
and approved by the Partners Human Research Committee.

rized into 2 groups representing low and high levels of malaria knowledge.
All analyses were performed using Stata 10 (StataCorp,
College Station, Tex., USA). First, we used bivariate logistic
regression models for each independent variable with
household bednet ownership as the dependent variable.
Then, we conducted a multivariate logistic regression including all independent variables which had a significant
predictive value with a P < 0.25 in the bivariate analysis
[19]. The steps above for the bivariate and multivariate regressions were repeated with an analysis looking at the determinants of malaria knowledge, with the malaria knowledge index as a dependent variable and independent
variables capturing household and respondent characteristics. Finally, since the survey respondents were not always
heads of households or other “decision makers” in the
household, we performed confirmatory sub–analyses restricting the sample to only survey respondents who were
1) heads of households, 2) wives of heads of households
or 3) household decision makers, defined as either heads
of households or wives of heads of households.

RESULTS
Data were collected from 560 households containing 2881
individuals in 20 villages (Table 1). A majority of households (n=346, 62%) had at least one child under five years

Table 1. Village, household and individual respondent characteristics
Variable
Village characteristics (n = 20 villages)
Households per village (mean ± SD)
Households using open water source (n [%])
Village distance to open water source (meters) (mean ± SD)
Household characteristics (n = 560 households)
Total individuals in study households
Members per household (mean ± SD)
Female head of household (n [%])
Men per household (mean ± SD)
Women per household (mean ± SD)
Children under 5 per household (mean ± SD)
Households with at least one child under 5 (n [%])
Pregnant women per household (mean ± SD)
Households with at least one pregnant woman (n [%])
Households reporting member with fever in last month (n [%])
Households reporting death last year due to fever (n [%])
Selected household asset characteristics (n = 560 households)
Thatch roofing (n, %)
Dirt flooring (n, %)
Dirt/mud walls (n, %)
Charcoal for main cooking fuel (n, %)
Number of cattle (mean ± SD)
Number of chickens (mean ± SD)
Own at least one… (n, %)
…radio
…bicycle
…cellphone
…cattle drawn cart
… motorcycle/automobile
Individual respondent characteristics (n = 560 individuals)
Gender – female (n, %)
Age (mean ± SD)
Married (n, %)
Relation to head of household (n, %):
wife
household head
child
other (parent, sibling, grandchild)
Number of children (mean ± SD)
Years of education (mean ± SD)
Number of years in school (n, %)
0
1–4
5–8
9–12+
Self–reported literacy (n, %)
SD – standard deviation
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28.0 ± 14.7 (range 9–61)
371 (66.3%)
8.9 ± 8.6 (range 0–40)
2881
5.1 ± 2.7 (range 1–20)
150 (26.8%)
2.4 ± 1.7
2.7 ± 1.7
0.94 ± 0.90 (range 0–5
346 (61.8%)
0.05 ± 0.23 (range:0–2)
34 (5.2%)
186 (33.2%)
1 (0.2%)
440 (78.6%)
504 (90.0%)
555 (99.1%)
534 (95.4%)
1.4 ± 2.8 (range 0–27)
3.7 ± 9.2 (range 0–100)
424 (75.7%)
149 (26.6%)
21 (3.8%)
40 (7.1%)
0 (0%)
452 (80.7%)
38.7 ± 16.3 (range 14–96)
368 (65.7%)
254 (45.4%)
250 (44.6%)
44 (7.9%)
12 (2.1%)
3.5 ± 2.8 (range 0–15)
4.9 ± 2.9
69 (12.3%)
183 (32.7%)
224 (40.0%)
84 (15.0%)
487 (87.0%)
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that malaria is more severe in children (67%) and pregnant
women (69%). Eighty–one percent of respondents reported
that malaria is most common when the weather is wet and
87% thought malaria was most common when it is cold.

old and 29 (5.2%) had a pregnant woman residing there.
Thirty–three percent of households (186) reported having
at least one household member with a fever in the preceding month. Among the survey respondents, 254 (45%)
were the heads of their households and 250 (45%) were
the wives of the household heads. Most respondents were
female (452, 81%) and had an average age of 39 years. Respondents averaged approximately 5 years of education
and 69 (12%) respondents had never attended school.

The wealth index had a normal distribution with a rightward skew (Figure 1), while the distribution of malaria
knowledge in this population, as defined by our knowledge
index, showed a bimodal pattern (Figure 2).
At baseline, 47 households (8.4%) owned a bednet and 34
(6.1%) had it mounted over a sleeping area as observed by
the surveyor (Table 3). Most households had paid for their
bednet, with 13 paying 1000 Ar (Malagasy Ariary; US$
0.63), 27 households paying 3000 Ar (US$ 1.90) and the
source was unavailable for seven bednets. Overall, 25 of
524 (4.8%) children under 5 years of age were reported to
have slept under a bednet the night before. Among households in which a bednet was observed to be mounted over
a sleeping area, 25 out of 33 (76%) of children under 5
were reported to have slept under the bednet the previous
night. One of 30 households (3.3%) with pregnant women

Eighty–two percent of respondents (n = 489) identified fever as the most common illness in their communities and
294 respondents (53%) reported fever as the most dangerous illness (Table 2). Seventy–three percent identified mosquitoes as the mechanism for acquiring fevers and 44%
listed bednets and avoidance of mosquitoes as a means of
protection against malaria. Most respondents recognized
Table 2. Beliefs and perceptions of malaria (n = 560)
Perception/belief
Perceptions of malaria:
Fever as most frequent illness in village
Fever as most dangerous illness in village
Mechanism of acquiring malaria:
Mosquitoes
Getting chilled/overheated
Poor hygiene/unkempt household
Bad food/water
Unripe fruits
Other (fatigue, rats, etc)
Unsure
Symptoms of malaria:
Chills/rigors
Headache
Listless
Vomiting
Agitation
Seizures/shaking
Other (coughing, trouble breathing, etc)
Unsure
Protection against malaria:
Use bednet/avoid mosquito bites
Use natural medicines
Keep household clean
Take medications
Visit hospital/doctor
Avoid unripe fruits
Stay warm
Other (boil water, get vaccinated, etc)
Unsure
Severity pairings:
Malaria is more of a risk in…
…men
…women
…same
Malaria is more of a risk in…
…adult
…child
…same
Malaria is more of a risk in…
…non–pregnant women
…pregnant woman
…same
Frequency pairings:
Malaria is most common in…
…wet season
…dry season
…same
Malaria is most common in…
…cold season
…warm season
…same

June 2014 • Vol. 4 No. 1 • 010401

No. (%)
489 (82.3)
294 (52.5)
407 (72.7)
48 (8.6)
45 (8.1)
15 (2.6)
13 (2.4)
9 (1.6)
23 (3.9)
249 (44.4)
228(40.8)
29 (5.1)
16 (2.8)
9 (1.6)
2 (0.3)
15 (2.9)
12 (2.1)
246 (44.0)
108 (19.3)
85 (15.1)
62 (11.1)
13 (2.3)
12 (2.1)
9 (1.6)
11 (2.1)
14 (2.6)

Figure 1. Distribution of wealth index for principal component
analysis of household assets.

52 (9.3)
(321 57.3)
187 (33.4)

Table 3. Household (n = 560) bednet ownership characteristics

6 (1.1)
376 (67.1)
178 (31.8)
5 (0.9)
385 (68.8)
170 (30.4)
452 (80.7)
100 (17.9)
8 (1.4)
489 (87.3)
62 (11.1)
9 (1.6)

4

Characteristics

No (%)

Report net ownership
Observed net mounted
Number of nets owned:
one
two
Age of net (years):
≤1
2–4
≥5
unsure
Reports child under 5 y using a net the night before
…if household owns bednet
…if bednet is mounted
Reports pregnant women using a net the night before
…if household owns bednet
…if bednet is mounted

47 (8.4)
34 (6.1)

www.jogh.org

44/47 (93.6)
3/47 (6.4)
23/47 (27.7)
11/47 (23.4)
5/47 (10.6)
8/47 (17.0)
25/524 (4.8)
25/47 (53.2)
25/33 (75.8)
1/30 (3.3)
1/1 (100.0)
1/1 (100.0)
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significant finding in multiple sub–analyses of the sample,
including survey respondents who were heads of households only, wives of heads of households only and household “decision makers”, ie, heads of households or wives
of heads of households (Online Supplementary Document). Restricting the sample to respondents who were
heads of households only showed an even stronger association with bednet ownership (OR 5.82, 95% CI 1.09–
30.84, P = 0.038).
Significant independent correlates with a higher malaria
knowledge index score included the respondent’s perception that malaria was the most frequent or most dangerous
illness in the community, female gender, being married, education level of the respondent and whether the household
reported a fever in the previous month (Table 5). In the
multivariate analysis, high levels of malaria knowledge were
correlated with both the respondent’s education level (OR
1.11, 95% CI 1.04–1.18, P = 0.001) and the respondent being a female (OR 1.77, 95% CI 1.12–2.79, P = 0.015). Additionally, reporting a fever as the most frequent (OR 2.34,
95% CI 1.00–5.47, P = 0.049) or most dangerous illness in
the community (OR 1.87, 95% CI 1.09–3.22, P = 0.023)
was associated with higher respondent malaria knowledge.
However, fevers reported in the household in the last month
were not predictive of higher malaria knowledge.

Figure 2. Distribution of knowledge index for principal component
analysis of respondent malaria knowledge.
reported that the pregnant woman slept under a bednet the
night before.
The results from the bivariate analysis show that malaria
knowledge, household wealth, household size, households
reporting a fever during the previous month were all associated with bednet ownership (Table 4). In the multivariate analysis, a higher level of malaria knowledge was the
only variable significantly associated with household bednet ownership (OR 3.72, 95% confidence interval (CI)
1.83–7.55%, P < 0.001). Evaluated at the mean of the other covariates, a household with a survey respondent with
less malaria knowledge had a 3.4% likelihood of owning a
bednet (95% CI 1.9–6.2%) vs 11.6% (95% CI: 8.2%–
16.1%) in households with respondents with higher levels
of malaria knowledge. A similar strong association between
malaria knowledge and bednet ownership was the only

DISCUSSION
In this cross–sectional analysis of data from 560 households in rural Madagascar without access to ITNs as part
of a large–scale ITN distribution program, malaria knowledge was independently and highly associated with bednet
ownership. Our multivariate model demonstrated that

Table 4. Significant correlates of household bednet ownership (n = 560 observations)
Variable

Bivariate analysis

Head of household (HH) characteristics:*
Age of HH
Gender of HH
Education level of HH
Household characteristics:
Number of HH members
Reported fever in last month
Number of children under 5 years
Number of pregnant women
Open water source
Distance to water source (minutes walk)
Wealth index (quintile relative to lowest wealth quintile):
Second
Third
Fourth
Fifth
Respondent perception/knowledge of malaria:
Reports fever most frequent illness in village
Reports fever most dangerous illness in village
Malaria knowledge index

Multivariate analysis

OR (95% CI)

P value

OR (95% CI)

P value

1.01 (0.99–1.04)
0.66 (0.21–2.11)
1.08 (0.90–1.30)

0.352
0.483
0.413

–
–
–

1.12 (1.02–1.24)
1.70 (0.93–3.12)
1.12 (0.81–1.54)
1.21 (0.37–3.96)
0.99 (0.52–1.85)
1.00 (0.97–1.03)

0.019
0.084
0.497
0.753
0.965
0.976

1.09 (0.98–1.22)
1.49 (0.79–2.79)
–
–
–
–

0.125
0.217
–
–
–
–

0.95 (0.33–2.73)
0.64 (0.20–2.01)
1.34 (0.51–3.52)
2.44 (1.01–5.90)

0.930
0.441
0.558
0.048

0.73 (0.25–2.15)
0.53 (0.16–1.71)
1.00 (0.36–2.79)
1.84 (0.69–4.95)

0.562
0.284
0.999
0.226

0.68 (0.31–1.53)
1.24 (0.68–2.27)
3.61 (1.80–7.24)

0.352
0.479
<0.001

–
–
3.72 (1.83–7.55)

–
–
<0.001

–
–
–

CI – confidence interval
*n = 256 because of missing variables.
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Table 5. Correlates of higher levels of malaria knowledge (n = 560 observations)
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Bivariate analysis
Variable
Respondent characteristics and perceptions:
Age of respondent
Female gender
Marriage status
Number of children
Pregnancy status
Education level
Reports fever most common illness
Reports fever most dangerous illness
Household characteristics:
Number of inhabitants
Reported fever in last month
Number of children under 5 y
Number of pregnant women
Open water source
Distance to water source
Wealth index in greatest 20%
Wealth index in lowest 20%

OR (95% CI)

P value

Multivariate analysis
P value

OR (95% CI)

1.00 (0.99–1.01)
2.02 (1.31–3.12)
1.29 (0.91–1.83)
1.00 (0.95–1.06)
1.21 (0.51–2.85)
1.16 (1.05–1.18)
2.90 (1.68–5.00)
2.12 (1.52–2.98)

0.560
0.001
0.155
0.916
0.430
<0.001
<0.001
<0.001

–
1.77 (1.12–2.79)
1.21 (0.83–1.75)
–
–
1.11 (1.04–1.18)
2.38 (1.35–4.19)
1.81 (1.27–2.59)

–
0.015
0.315
–
–
0.001
0.003
0.001

0.99 (0.93–1.05)
1.47 (1.03–2.10)
1.11 (0.92–1.34)
1.30 (0.64–2.67)
0.84 (0.59–1.19)
1.00 (0.98–1.02)
0.87 (0.51–1.46)
0.92 (0.55–1.54)

0.673
0.032
0.261
0.470
0.326
0.654
0.593
0.746

1.27 (0.87–1.86)
–
–
–
–
–
–

0.210

CI – confidence interval

households with high levels of malaria knowledge, derived
from a principal components analysis, were nearly 3.5
times more likely to own a bednet compared to households
with low levels of malaria knowledge, even after adjusting
for potential confounders such as years of education and
household wealth.

use in a variety of bednet distribution settings, including
education level, socio–economic status, perceptions of malaria risk and malaria knowledge. While some studies have
found an increase in bednet ownership and use among
those more knowledgeable about malaria [24,25], other
studies have found little or no association [26,27].

Multiple methods for categorizing and quantifying malaria
knowledge have been used previously [10,11,15,20–22].
Most studies have used variations on a scoring system which
provides points for correct answers to questions related to
malaria knowledge and then categorizes respondents based
on their scores. Hwang et al. in a study in Ethiopia [23] considered the use of principal components analysis for quantification of malaria knowledge but instead used a dichotomized scoring system comparing groups with no malaria
knowledge (zero correct answers) to any correct malaria
knowledge (≥1 correct answer). The authors justified such
an approach because their result using the dichotomized
score was equivalent to the principal components approach
and was easier to interpret. Malaria knowledge in this Ethiopian cohort, however, was quite limited and only 4 knowledge questions were posed. In our study, participants answered correctly a mean of 7.1 out of 12 questions (standard
deviation = 1.8) and there were no women who answered
incorrectly to all. The bimodal distribution of Figure 2 supports our classification of malaria knowledge in 2 groups in
our population, but the breadth of the questions we posed
adds richness to our knowledge index.

Despite the association between malaria knowledge and
bednet ownership in our study, an analysis of the individual components of our malaria knowledge index suggests
important gaps in malaria knowledge in the sample. Only
73% of villagers replied that the primary means of acquiring malaria is from mosquitoes, 44% identified bednets as
a means to protect against malarial fevers and only 67% of
respondents identified children and 69% identified pregnant women as more vulnerable to malaria compared to
adults or non–pregnant women, respectively. Finally, the
prevailing view was that malaria was most common in the
colder season, which is not typical for malaria in either Madagascar or in other sub–Saharan African settings and may
represent overlap with perceptions of other causes of fevers.
Incorrect responses to questions about malaria are common in the literature, with heterogeneous levels of malaria
knowledge across geographical and cultural settings. For
example, a study in Tanzania among pregnant women in
2004 found nearly the opposite results: only 35% identified mosquitoes as the means of transmission of malaria
and 91% reported bednets as a primary means of protection [10]. Our findings suggest that knowledge–based interventions should continue to be explored as a means to
improve malaria bednet uptake, but the exact components

Multiple village–, household– and individual–level characteristics have been associated with bednet ownership and
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of higher malaria knowledge among respondents reporting
that malaria is the most frequent or the most dangerous illness in the community and the association of higher malaria knowledge with female gender may be a marker of
more frequent exposures to educational interventions delivered during prior treatment episodes for the individual
or members of their family (especially children). This may
be the result of health education occurring during health
facility visits and reinforces the importance of interventions
delivered during the evaluation and treatment of malaria
episodes as a means of improving malaria prevention. Living in a higher wealth household was not associated with
higher malaria knowledge, contrary to what may be expected through better access to formal education or exposure through media (radio, etc.) to health messages. Like
bednet ownership, malaria knowledge in this population
appears to be independent of relative household affluence.

of those interventions should account for the particular
gaps in knowledge in a population given variations across,
and potentially within, countries.
In addition to gaps in specific malaria knowledge, there
were important gaps in optimal prevention behaviors. Only
8.2% of households owned a bednet. In addition, the presence of children under 5 years of age or pregnant women
in the household was not associated with increased bednet
ownership and only 53% of children under 5 years of age
slept under a bednet the night before, even when the
household owned a bednet (Table 3).
Higher wealth status, when categorized by quintile, was
not associated with bednet ownership. This may seem unexpected in a setting where bednets are expensive relative
to individuals’ average income. Numerous studies, including an unpublished study from the region (Comfort and
Krezanoski, in preparation), have shown that the price of
bednets significantly affects the likelihood of households
owning a bednet. Nevertheless, the absolute wealth of this
population may be so low as to minimize relative differences in wealth in terms of ability to afford a bednet. In
support of this interpretation, an examination of the
wealth–index primary component scores (Figure 1) shows
that the distribution is rightward skewed indicating that
the majority of households are concentrated around a lower wealth level, with a small proportion of relatively affluent households.

Interpretations of these findings are subject to five limitations. First, we did not have an adequate sample size to
examine the determinants of bednet use as opposed to
ownership. The former is a much more relevant indicator
for malaria prevention. Second, households that did not
own nets were not asked if they desired a bednet nor were
they asked about the perceived barriers to bednet ownership, including cost. Third, we assessed malaria knowledge
only among one individual in the household (the survey
respondent) and this respondent may or may not have
equal impact on bednet ownership in the family, ie, less senior members. Nevertheless our main findings were consistent when restricting the analyses to the main decision
making individuals (heads of households and their wives)
within the household. Fourth, the local term for malaria,
tazo moka (“fever from mosquitoes”), can be confused with
tazo (general term for “fever”), thus there could have been
misclassification of fevers not attributable to malaria. Finally, our survey did not ask participants about the primary source of their malaria knowledge nor did we perform
qualitative studies to further explore the characteristics of
their malaria knowledge. This information would help us
determine whether malaria knowledge is coming from formal education, interactions with health workers or community health workers, media or from other sources.

In terms of assessing malaria knowledge, principal components analysis has the advantage of providing a means of
comparison that is independent of the specific components
making up that knowledge score. Principal components
approaches also mitigate the problem of equally weighting
responses about malaria knowledge, where, for example,
sophisticated knowledge components, such as knowing
that malaria can result in pregnancy loss, are given equal
weight as basic components, such as knowing that malaria
is transmitted by mosquitoes. Finally, our knowledge index
measures each respondent relative to the study sample, allowing us to investigate how variations in malaria knowledge distinguish households from each other within a particular malaria–risk context.
Identification of malaria knowledge as a predictor of malaria prevention behaviors suggests a focus on malaria–specific education as a means of increasing bednet coverage
even in settings without large scale distribution and subsidization of bednets [28,29]. However, questions remain as
to the origins of the malaria knowledge measured in this
study which appears correlated with household bednet
ownership. In this study, respondents with higher levels of
malaria knowledge had more education, confirming a correlation between formal schooling and health learning that
has been found in previous studies [25,26]. The findings
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CONCLUSIONS
In summary, in this secondary analysis of baseline data
from 560 individuals participating in a randomized controlled trial in a setting without widespread access to bednets in rural Madagascar, we found that household knowledge of malaria was independently associated with an
increased probability of bednet ownership. Higher levels
of malaria knowledge were associated with reported concern about malaria as a common and dangerous illness in
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knowledge may be best operationalized, possibly through
education programs, to overcome the barriers to bednet
ownership among at–risk households living outside the
reach of large–scale distribution programs.
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the community as well as higher education and female gender, but were not associated with the wealth of the household. Further studies are warranted to elucidate the origins
of better malaria knowledge and to determine how such

Acknowledgements: We would like to thank the Malagasy health workers of Association Fanilo
and Association Avotra for their hard work and dedication to the health of their communities. Special thanks to Ravo Harinirina and Joseph Krezanoski for their hard work in the field.
Funding: There was no formal sponsorship of this research.
Ethical approval: Ethical clearance for this study was provided by the Boston University Medical
Campus Institutional Review Board. In addition, the specific analysis described in this manuscript
was reviewed and approved by the Partners Human Research Committee.
Author’s Contributions: PJK, ABC and DHH conceived the study; PJK, ACT and DRB designed
the study protocol; PJK and ACT carried out the analysis and interpretation; PJK drafted the manuscript; PJK, ACT, DHH, ABC and DRB critically revised the manuscript for intellectual content.
All authors read and approved the final manuscript. PJK is the guarantor of the paper.

REFERENCES

Competing interests: All authors have completed the Unified Competing Interest form at www.
icmje.org/coi_disclosure.pdf (available on request from the corresponding author) and declare that
Dr A. C. Tsai reports grant from NIH for the research outside the submitted work (grant No.
K23MH096620). Other authors declare no support from any organization for the submitted work;
no financial relationships with other organizations that might have an interest in the submitted
work in the previous 3 years, and no other relationships or activities that could appear to have influenced the submitted work.

1 Murray CJ, Rosenfeld LC, Lim SL, Andrews KG, Foreman KH, Haring D, et al. Global malaria mortality between 1980 and 2010: a systematic analysis. Lancet. 2012;379:413-31. Medline:22305225 doi:10.1016/
S0140-6736(12)60034-8
2 Black RE, Cousens S, Johnson HL, Lawn JE, Rudan I, Bassani DG, et al. Global, regional, and national causes
of child mortality in 2008: a systematic analysis. Lancet. 2010;375:1969-87. Medline:20466419 doi:10.1016/
S0140-6736(10)60549-1
3 World Health Organization. Mortality Country Fact Sheet. Geneva: WHO, 2006. Available at: http://www.who.
int/whosis/mort/profiles/mort_afro_mdg_madagascar.pdf. Accessed: 15 January 2014.
4 Lengeler C. Insecticide-treated bed nets and curtains for preventing malaria. Cochrane Database Syst Rev.
2004;2:CD000363. Medline:15106149
5 Fink G, Masiye F. Assessing the impact of scaling-up bednet coverage through agricultural loan programs: Evidence from a cluster randomized controlled trial in Katete, Zambia. Trans R Soc Trop Med Hyg. 2012;106:6607. Medline:22939709 doi:10.1016/j.trstmh.2012.07.013
6 Goodman CA, Coleman PG, Mills AJ. Cost effectiveness of malaria control in sub-Saharan Africa. Lancet.
1999;354:378-85. Medline:10437867 doi:10.1016/S0140-6736(99)02141-8
7 Flaxman AD, Fullman N, Otten MW Jr, Menon M, Cibulskis RE, Ng M, et al. Rapid scaling-up of insecticidetreated bed net coverage in Africa and its relationship with development assistance for health: a systematic
synthesis of supply, distribution, and household survey data. PLoS Med. 2010;7:e1000328. Medline:20808957
doi:10.1371/journal.pmed.1000328
8 World Health Organization. World Malaria Report. Geneva: WHO, 2013. Available at: http://www.who.int/
malaria/publications/world_malaria_report_2012/en/index.html. Accessed: 15 January 2014.
9 UNICEF. Madagascar Statistics 2010. Available at: http://www.unicef.org/infobycountry/madagascar_statistics.
html. Accessed: 15 January 2014.
10 Tobin-West CI, Alex-Hart BA. Insecticide-treated bednet ownership and utilization in Rivers State, Nigeria before a state-wide net distribution campaign. J Vector Borne Dis. 2011;48:133-7. Medline:21946711
11 O
 krah J, Traoré C, Palé A. Community factors associated with malaria prevention by mosquito nets: an exploratory study in rural Burkina Faso. Trop Med Int Health. 2002;7:240-8. Medline:11903986 doi:10.1046/
j.1365-3156.2002.00856.x
12 Thwing J, Hochberg N, Vanden Eng J, Issifi S, Eliades MJ, Minkoulou E, et al. Insecticide-treated net ownership and usage in Niger after a nationwide integrated campaign. Trop Med Int Health. 2008;13:827-34. Medline:18384476 doi:10.1111/j.1365-3156.2008.02070.x

June 2014 • Vol. 4 No. 1 • 010401

8

www.jogh.org

• doi: 10.7189/jogh.04.010401

www.jogh.org

13 Pettifor A, Taylor E, Nku D, Duvall S, Tabala M, Mwandagalirwa K, et al. Free distribution of insecticide treated bed nets to pregnant women in Kinshasa: an effective way to achieve 80% use by women and their newborns. Trop Med Int Health. 2009;14:20-8. Medline:19121147 doi:10.1111/j.1365-3156.2008.02179.x
14 Miller JM, Korenromp EL, Nahlen BL. W Steketee R. Estimating the number of insecticide-treated nets required
by African households to reach continent-wide malaria coverage targets. JAMA. 2007;297:2241-50. Medline:17519414 doi:10.1001/jama.297.20.2241
15 Guyatt HL, Ochola SA, Snow RW. Too poor to pay: charging for insecticide-treated bednets in highland Kenya.
Trop Med Int Health. 2002;7:846-50. Medline:12358619 doi:10.1046/j.1365-3156.2002.00929.x
16 Krezanoski PJ, Comfort AB, Hamer DH. Effect of incentives on insecticide-treated bed net use in sub-Saharan
Africa: a cluster randomized trial in Madagascar. Malar J. 2010;9:186. Medline:20579392 doi:10.1186/14752875-9-186
17 Filmer D, Pritchett LH. estimating wealth effect without expenditure data or tears: An application to educational enrollments in states of India. Demography. 2001;38:115-32. Medline:11227840
18 DHS Comparative Reports No. 6. The DHS Wealth Index. DHS, 2004. Available at: http://www.measuredhs.
com/pubs/pdf/CR6/CR6.pdf. Accessed: 15 January 2014.
19 Hosmer DW, Lemeshow S. Applied logistic regression. New York: Wiley, 2000.
20 Kyawt-Kyawt-Swe, Pearson A. Knowledge, attitudes and practices with regard to malaria control in an endemic rural area of Myanmar. Southeast Asian J Trop Med Public Health. 2004;35:53-62. Medline:15272745
21 Fernando SD, Abeyasinghe RR, Galappaththy GN, Gunawardena N, Rajapakse LC. Community factors affecting long-lasting impregnated mosquito net use for malaria control in Sri Lanka. Trans R Soc Trop Med Hyg.
2008;102:1081-8. Medline:18644611 doi:10.1016/j.trstmh.2008.06.007
22 Rhee M, Sissoko M, Perry S, McFarland W, Parsonnet J, Doumbo O. Use of insecticide-treated nets (ITNs) following a malaria education intervention in Piron, Mali: a control trial with systematic allocation of households.
Malar J. 2005;4:35. Medline:16042793 doi:10.1186/1475-2875-4-35
23 Hwang J, Graves MP, Jima D, Reithinger R, Kachur SP; Ethiopia MIS Working Group. Knowledge of malaria
and its association with malaria-related behaviors—results from the Malaria Indicator Survey, Ethiopia, 2007.
PLoS ONE. 2010;5:e11692. Medline:20657782 doi:10.1371/journal.pone.0011692
24 Nganda RY, Drakeley C, Reyburn H, Marchant T. Knowledge of malaria influences the use of insecticide treated nets but not intermittent presumptive treatment by pregnant women in Tanzania. Malar J. 2004;3:42. Medline:15541178 doi:10.1186/1475-2875-3-42
25 García-Basteiro AL, Schwabe C, Aragon C, Baltazar G, Rehman AM, Matias A, et al. Determinants of bed net
use in children under five and household bed net ownership on Bioko Island, Equatorial Guinea. Malar J.
2011;10:179. Medline:21714859 doi:10.1186/1475-2875-10-179
26 Agyepong IA, Manderson L. Mosquito avoidance and bed net use in the Greater Accra Region, Ghana. J Biosoc Sci. 1999;31:79-92. Medline:10081239 doi:10.1017/S0021932099000796
27 Sangaré LR, Weiss NS, Brentlinger PE, Richardson BA, Staedke SG, Kiwuwa MS, et al. Determinants of use of
insecticide treated nets for the prevention of malaria in pregnancy: Jinja, Uganda. PLoS ONE. 2012;7:e39712.
Medline:22745817 doi:10.1371/journal.pone.0039712
28 Okabayashi H, Thongthien P, Singhasvanon P, Waikagul J, Looareesuwan S, Jimba M, et al. Keys to success for
a school-based malaria control program in primary schools in Thailand. Parasitol Int. 2006;55:121-6. Medline:16406685 doi:10.1016/j.parint.2005.11.056
29 Williams PC, Martina A, Cumming RG, Hall J. Malaria prevention in Sub-Saharan Africa: A field study in rural Uganda. J Community Health. 2009;34:288-94. Medline:19365713 doi:10.1007/s10900-009-9151-y

• doi: 10.7189/jogh.04.010401

9

June 2014 • Vol. 4 No. 1 • 010401

PAPERS
VIEWPOINTS

REFERENCES

Household malaria knowledge and bednet ownership in settings without large–scale distribution programs

